Abstract: Ethnicity and socioeconomic factors can influence disease susceptibility, clinical presentation, and outcome. We investigated the clinical characteristics (age, sex, seasonal variation, lesion site, symptoms, complications, prognosis, and sequelae) and risk factors for intracerebral hemorrhage (ICH) in 266 cases treated at our hospital in Hangzhou City, China, from January 2011 to December 2011. Risk of ICH increased dramatically with age; only 4.3% of cases were <30 years old, while 44.4% were >60 years of age. Men outnumbered women by 2:1 (67.3% vs. 32.7%). Single hemorrhage was most often located in the cerebral lobes (37.2% of cases), basal ganglia (34.2%), thalamus (8.3%), cerebellum (6.8%), ventricle (1.5%), and brainstem (1.1%), while 10.9% of cases exhibited hemorrhages at multiple sites. Hypertension was also a major risk factor for ICH, as 47% of all patients were hypertensive and the percentage increased with age. In hypertensive patients, the most common hemorrhage site was the basal ganglia and ICH was often associated with thrombopenia. In patients with leukemia (all forms), most hemorrhages were lobar. Warfarin-and encephalic operation-associated ICHs were all lobar. Headache was the major symptom of occipital, temporal, and frontal lobe hemorrhage. Dizziness, nausea, and vomiting were the major symptoms of cerebellum hemorrhage. Limb dysfunction was the major symptom of thalamic and basal ganglia hemorrhage. Disturbed level of consciousness was the major symptom in multisite, ventricular, parietal lobe, and brainstem hemorrhage. Hyperspasmia occurred most often in lobar hemorrhage and blurred vision in occipital lobe hemorrhage. Hospital mortality was 24.4% (n=65) with a mean delay from presentation to death of (10.5±18.5) d. The majority of fatalities were cerebral hernia cases (58.5%) and these patients also had the shortest time to death [(2.9±3.5) d]. Mortality was 100% in brainstem ICH and hemorrhagic conversion of cerebral infarct. Thrombopenia-associated ICH also had a high mortality rate (81.0%), while patients with cerebrovascular malformations and cerebral aneurysms demonstrated a much better prognosis (46.2% recovery).
Introduction
Intracerebral hemorrhage (ICH) is a devastating disease with high rates of mortality and morbidity (Crandall et al., 2011) . Approximately 10% to 23% of strokes are caused by the rupture of cerebral blood vessels (Dennis et al., 1993; Lavados et al., 2005) and the overall ICH incidence worldwide is 24.6 per 100 000 person-years (van Asch et al., 2010) . A recent review of ischemic stroke and ICH reported a higher stroke incidence in low-income countries compared to higher-income countries (Feigin et al., 2009) . Aside from socioeconomic factors, ethnicity has also been reported to contribute to ICH risk (Broderick et al., 2007) . van Asch et al. (2010) reported a two-fold higher rate of ICH in Asians compared to other ethnic groups. Numerous population-based studies have assessed the epidemiology of ICH in wealthy counties, but there are comparatively little data on ICH risk factors, symptoms, and clinical outcomes among different ethnic groups in lower-income nations. This study was designed to investigate the epidemiological and clinical characteristics of ICH in Hangzhou City, China. We recorded the distribution of ICH across age groups, differences between men and women, seasonal distribution, and hemorrhage location. In addition, we examined the relationships among likely causes, age, hemorrhage location, risk factors, symptoms, complications, prognosis, mortality, and time to death after the event.
Materials and methods

Study population and design
This study includes all cases with ICH treated by the First Affiliated Hospital, School of Medicine, Zhejiang University, China from January 2011 to December 2011. Identification of ICH cases was performed by a specialized research staff using the electronic medical record (EMR) system and involved a continuous broad search of all patients admitted to the emergency, neurological, neurosurgery, and other relevant hospital wards for neurological symptoms that could indicate ICH. Patients initially hospitalized for other reasons were also included in the case-finding procedure if additional symptoms suggested ICH. Patients admitted for other diseases, but exhibiting ICH sequelae, suggesting previous hemorrhage events, were excluded. Supported by a senior neurologist, all possible stroke cases were confirmed by review of each patient's records. In all cases included in this sample, ICH was defined as a sudden, focal, neurological deficit with intraparenchymal hemorrhage seen on cranial computed tomography (CT) or magnetic resonance imaging (MRI) scans. Angiography was performed in select cases where hemorrhage location, age, or clinical presentation was suggestive of a vascular malformation.
Data analysis
The SPSS 12.0 statistical package was used for all calculations. Categorical data were analyzed by the Pearson's chi-squared test ( 2 ), while numerical means were compared by Student's t-test (twotailed). A P value <0.05 was considered statistically significant.
Results
Distribution of ICH cases by sex and age groups
A total of 266 cases of ICH were identified (0.35% of all in-patients). Their mean age was (57.9±15.2) years (range, 14 to 97 years) of which 5.3% were <30 years old, 13.5% were 30 to 45 years old, 36.8% were 46 to 60 years old, and 44.4% were >60 years of age. Only 32.7% were women, but mean age was not significantly different between male and female patients ((59.2±15.0) years vs. (57.0±15.4) years, P=0.312, t-test).
Seasonal distribution
Of all ICH attacks included, 24.1% occurred in spring, 22.2% in summer, 24.4% in autumn, and 29.3% in winter. There was a tendency for a higher incidence in winter compared to summer (P=0.06,  2 test).
Hemorrhage location
The majority of single hemorrhages were found in deep (subcortical) sites, including the basal ganglia (34.2%), thalamus (8.3%), cerebellum (6.8%), ventricles (1.5%), and brainstem (1.1%). A significant minority (10.9%) exhibited hemorrhages in multiple subcortical sites, or at one subcortical site and one cortical site. Single hemorrhages were also observed in temporal (9.8% of all ICH cases), occipital (5.6%), frontal (7.1%), and parietal (3.0%) lobes, and 11.7% of all ICH patients exhibited hemorrhages in multiple lobes. In total, 39.5% of cases were unilateral left, 47.4% were unilateral right, and 13.1% were bilateral.
Age-related differences in ICH location
The most common ICH sites were the cerebral lobes (50.0%) and cerebellum (28.6%) in the youngest patient group (<30 years), the cerebral lobes (61.1%) and basal ganglia (22.2%) in the 30-45 years age group, cerebral lobes (28.6%) and basal ganglia (42.8%) in the 46-60 years age group, and cerebral lobes (36.4%) and basal ganglia (33.9%) in the group >60 years of age (Fig. 1 ). There was a significant difference in ICH location distribution across age groups (P=0.012,  2 test).
Likely causes of ICH
A significant fraction of ICH patients had hypertension (47.0%). Other possible or very likely causes included leukemia, head trauma in traffic accidents, cerebrovascular malformations, and cerebral aneurysms (Fig. 2) .
Age-related differences in the likely causes of ICH
The most probably causes of ICH in patients of <30 years of age were thrombopenia (including cases associated with leukemia) (35.7%) and cerebrovascular malformations (21.4%). In all older groups, a history of hypertension but no other identifiable proximal event was found in many cases. Thus, hypertension appeared to be the most likely cause in these groups, accounting for as much as 30.6% of all ICH cases in the 30-45 years age group, 53.1% of patients of 46-60 years old, and 52.5% of the patients of >60 years of age (Fig. 3) . In these older groups, however, "unexplained" was the second most populous group, accounting for 22.2% of patients of 30-45 years old, 11.2% of patients of 46-60 years old, and 18.6% of those >60 years of age. There was a statistically significant difference in the distribution of most likely causes between the different age groups (P<0.001,  2 test).
Relationship between ICH location and likely cause
Hypertension is a ubiquitous risk factor for ICH across study populations. In this patient sample, different brain structures appeared differentially sensitive to the effects of hypertension, as high blood pressure was seen in 79.1% of basal ganglia, 68.2% of thalamic, and 41.7% of multisite ICH cases, but in only a minority of cerebellar (22.2%) and lobar (20.2%) ICH cases. Cerebrovascular malformation was the major cause of ventricle hemorrhage (50.0%). Hypertension (33.3%), renal disease (33.3%), and cerebral infarction (33.3%) were the three most common possible factors leading to brainstem hemorrhage (Fig. 4) .
Warfarin-associated ICH cases and those during intracranial operations all occurred in the cerebral lobes (100%). The cerebral lobes were also the most common sites for ICHs associated with metastatic tumor (75.0% of tumor cases had hemorrhage located in one or more lobes), traffic accidents (69.2%), moyamoya disease (66.7%), cerebrovascular malformation (61.5%), thrombopenia (including leukemia, 57.1%), and cerebral aneurysms (53.8%). In contrast, the majority of ICHs in patients with hypertension, renal disease, or cerebral infarction were located in the basal ganglia (59.2%, 50.0%, or 50.0%, respectively), while ICHs associated with cirrhosis were mainly located in the cerebellum (40.0%) or at multiple sites (40.0%) (Fig. 5) .
Symptom of ICH
The most common symptoms of ICH in this study group were disturbed level of consciousness (44.0% of all cases), limb dysfunction (43.2%), headache (39.1%), nausea (37.6%), vomiting (36.5%), dizziness (28.2%), dysarthria (15.8%), blurred vision (4.5%), hyperspasmia (3.4%), and deflection of the angle of the mouth (3.0%). All 266 cases had one or multiple symptoms.
Relationship between ICH location and major symptoms
Headache was the major symptom of occipital (66.7%), temporal (61.5%), and frontal lobe hemorrhage (47.4%). Dizziness, nausea, and vomiting were the major symptoms in most cases of cerebellum hemorrhage (55.6%). Limb dysfunction was observed in most cases of thalamic (72.7%) and basal ganglia hemorrhage (68.1%). Disturbed level of consciousness was observed most often in multisite hemorrhage (79.2%), ventricular hemorrhage (75.0%), parietal lobe hemorrhage (75.0%), brainstem hemorrhage (66.7%), and multiple lobe hemorrhage (51.6%). Blurred vision mainly appeared in occipital lobe hemorrhage and hyperspasmia appeared in lobar hemorrhage (Fig. 6 ). 
Prognosis of ICH
The overall hospital mortality was 24.4% (n=65) and mean time from admission to death was (10.5±18.5) d. Twenty of the 65 deaths took place in the first 24 h, and 16 patients died in the first 48 to 72 h due to neurological complications. Of the total sample, 21.8% recovered fully (with no lasting sequelae), while 50.4% improved after therapy but with lasting sequelae. Only 3.4% of surviving patients showed no significant improvement after rehabilitation. The prognosis was related to the likely cause of ICH. The whole hospital mortality of ICH associated with cerebral infarction and thrombopenia (including leukemia) was 100.0% and 81.0%, respectively, while ICH caused by cerebrovascular malformations or cerebral aneurysms showed much better prognosis than all other causal subgroups, with 46.2% of patients achieving full recovery (Fig. 7) .
In addition, the prognosis was also related to the location of ICH. The highest hospital mortality was observed in patients with ICH of the brainstem (100.0%), followed by patients with ICHs in multiple sites (50.0%). Most cases of ICH in the basal ganglia and parietal lobe improved after therapy (62.6% and 62.5%, respectively). Patients with ICHs in the ventricles or temporal lobe exhibited the highest rates of full recovery (50.0% or 46.2%) (Fig. 8) .
Complications and mortality
There were 101 cases with severe complications, including pulmonary infection (21.8%), cerebral hernia (4.9%), epilepsy (4.5%), respiratory failure (3.0%), multiple organ failure (1.9%), intracranial infection (1.9%), and rebleeding (1.1%). As previously mentioned, 65 cases died due to the complications. In addition, different complications have different time of death (Table 1) . Cerebral hernia was the most deadly complication as indicated by death rate and time from presentation to death.
Sequelae of ICH
There were 129 cases with persistent sequelae following therapy, including unilateral weakness (21.8% of cases with sequelae), hemiplegia (16.2%), dizziness (2.6%), headache (2.2%), blurred vision (2.2%), coma (2.2%), and epilepsy (1.1%). 
Discussion
Globally, stroke is one of the top three causes of death and disability. Only 10% to 15% of first-ever strokes are ICHs (Broderick et al., 2007) , but compared to other types of stroke, disability and death rates are significantly higher (Feigin et al., 2003) . Jiang et al. (2006) found a higher prevalence of hemorrhagic stroke in Chinese than in European populations. More than 85% of ICHs occur as a primary event related to rupture of small penetrating arteries and arterioles that have been damaged by chronic arterial hypertension (Thrift et al., 1998) . Hypertension is the single most important modifiable risk factor for ICH (Juvela, 1996) . Regardless of race, age, or gender, about 75% of ICH patients have preexisting hypertension (Broderick et al., 1993) . Retrospective studies have shown that high blood pressure confers a two-to six-fold increase in the risk of ICH (Thrift et al., 1996) . Cerebral amyloid angiopathy (CAA), a condition that increases with age, is the second most common risk factor for ICH, particularly lobar ICH (Aguilar and Brott, 2011) . However, CAA cannot be accurately diagnosed with noninvasive methods, so we present no statistics on the incidence of CCA in this study. Secondary ICH may be caused by coagulopathy, trauma, arteriovenous malformation, intracranial aneurysm, hemorrhagic conversion of cerebral infarct, and dural arteriovenous fistula among others (Qureshi et al., 2001) .
Of the roughly 75 000 in-patients treated in our hospital during the study intake period, 266 had ICH (0.35%). Age was the greatest risk factor for ICH in this population, as there was a dramatic increase in prevalence with age (only 4.3% of ICH patients were <30 years old, while 44.4% were >60 years old). Men were twice as likely as women to suffer from ICH (67.3% vs. 32.7%), which may be explained by the higher rates of several risk factors in men, such as drinking and smoking. However, the average ages of men and women with ICH were not significantly different. In our study, 47% of all ICH patients were hypertensive, suggesting that hypertension was the leading cause of ICH in this sample group. Other major causes of ICH were thrombopenia, leukemia, and cerebrovascular malformations, especially in patients <30 years of age. Li et al. (2011) reported that the incidence of ICH throughout the year was closely related to meteorological factors such as season, daily air temperature, humidity, and atmospheric pressure. We found that the incidence of ICH was highest in winter and lowest in summer, consistent with their results, although the differences did not reach statistical significance in our study.
It has been reported that ICH is defined according to the location within the brain parenchyma, with "deep" ICHs located within the basal ganglia and internal capsule (accounting for 35%-70% of deep ICH cases from study to study), brain stem (5%-10%), and cerebellum (5%-10%) (Carhuapoma et al., 2009; Aguilar and Brott, 2011) . In contrast, lobar ICH (15%-30%) refers to hemorrhages located in corticalsubcortical areas. All cortical lobes exhibited ICH, although it was more frequent in the temporal than in the parietal lobe. In a minority of cases, patients exhibited multiple lobar ICHs. In previous studies, deep ICHs accounted for about two thirds of spontaneous ICH cases, and lobar ICH for the remaining one third (Flaherty et al., 2005) . Our results were similar (37.2% of cases were lobar). There was also a relationship between ICH location and probably cause. For example, ICHs likely caused by hypertension, renal disease, or cerebral infarction were mainly located in the basal ganglia, while ICHs caused by warfarin (an anticoagulant), moyamoya disease, thrombopenia, leukemia, metastatic tumor, traffic accident, cerebrovascular malformation, or cerebral aneurysm were mostly located in the lobes in our patient samples. A patient suffering from an ICH may present with a sudden onset of neurological dysfunction. In rank order, disturbed level of consciousness, limb dysfunction, headache, nausea, vomiting, dizziness, dysarthria, blurred vision, hyperspasmia, and deflection of the angle of the mouth were the most common symptoms of ICH in our study. Always (2009) reported headache in 40% of patients, which was higher than that reported in our study. A higher frequency of headache at onset of lobar and cerebellar hemorrhage compared to deep varieties (putaminal, thalamic, caudate) has been reported (Melo et al., 1996) , consistent with our results. Nausea and vomiting due to increased intracranial pressure may also occur.
The rate of neurological deterioration is typically faster in ICH than in ischemic strokes. For example, if the hemorrhage is large enough, pressure on the whole brain and brainstem may lead to a markedly diminished level of consciousness. In addition, a vascular leakage that begins small (2 cm in diameter) may enlarge over the first few hours, leading to rapid exacerbation of symptoms, including a rapid reduction in the patient's level of consciousness (Always, 2009 ). Hyperspasmia at onset of ICH is rare, with a frequency below 10% in a previous series of ICH cases that included all locations (Tatu et al., 2000) . Location determines risk of seizures (Lipton et al., 1987; Bladin et al., 2000) , and the frontal lobe is especially common location of ICH (de Reuck et al., 2007) . Our results are in accord with these previous reports. We also found an association between symptoms and ICH location. Headache was the major symptom in lobar ICH, while the main symptoms of cerebellum hemorrhage were dizziness, nausea, and vomiting. Limb dysfunction was the main symptom of basal ganglia and thalamic hemorrhage. Disturbed level of consciousness was most commonly seen in ventricular, brainstem, multiple lobar, and multisite subcortical hemorrhage.
The mortality of ICH is about 40% within the first 30 d, making ICH one of the most deadly acute medical events (Broderick et al., 1992) . Within one year, the mortality can be as high as 50% (Vermeer et al., 2002) . In our study, 20 of the 65 deaths took place in the first 24 h, and 36 patients died in the first 72 h due to neurological complications, chiefly increased intracranial pressure and/or cerebral hernia. Death in the first month, but beyond the first few days following the event, is usually the result of medical complications such as pulmonary infection, intracranial infection, respiratory failure, and multiple organ failure. In our study, the highest mortality was observed for brainstem ICH (100.0%).
ICH is also a catastrophic complication in patients on anticoagulants (Fan et al., 2012) and with hematological malignancy (Rogers, 2004) , especially in patients with acute promyelocytic leukemia (Chen et al., 2009 ). Moreover, ICH in patients with hematological malignancy may have several risk factors, including hypertension, vessel wall abnormalities, low platelet count, platelet dysfunction, coagulation factor deficiency, disseminated intravascular coagulation (DIC), sepsis, and/or hyperleukocytosis (Foss and Bruserud, 2008) . In our study, mortality in cases associated with leukemia was also very high, with death occurring in 14 of 15 patients within 3 d from hematomas mainly located in the cerebral lobes. Early detection of coagulopathy and prompt correction can help reduce hemorrhagic complications in these patients.
In summary, we investigated the epidemiological and clinical characteristics of ICH in Hangzhou City, China. A total of 266 patients were confirmed to have ICH at one or multiple sites. We then investigated the distribution of cases according to sex, age, season of onset, hemorrhage location, symptomology, most likely cause, complications, prognosis, and sequelae remaining after treatment and rehabilitation. The results showed that men were more vulnerable to ICH than women. Age was the greatest risk factor for ICH. The site distribution differed among age groups, possibly reflecting age-dependent changes in the primary cause. Hypertension was likely the most common cause of ICH, as almost half of patients were hypertensive. The ICH location was also associated with distinct symptom patterns. Prognosis and survival time in the hospital were also related to the location and cause of ICH.
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